. In general most of the genotypes had various degree of red skin color, whereas two genotypes (44-03 and 44-17) had yellow skin color.
Introduction
the genus Cornus (dogwoods) contains about 65 species (5) . these plants often assume a brilliant fall coloring and attractive flower and fruit colors and are widely grown for ornamental purposes (17) .
Cornus representing a morphologically diverse group of primarily woody plants widely distributed throughout the temperate regions of the northern hemisphere, with centers of origin in eastern Asia, eastern and northwestern north America, and the mountains of central America, South America and east Africa (5) . Among Cornus species, Cornus mas l. are known as the european and Asiatic cornelian cherry and are grown for their edible fruits (2) . this species grows in the temperate zone of eurasia on calcareous, well-drained forest soils. it ranges from a shrub to a small tree of about 7-8 m in height and can be cultivated under the shade of tall trees (20) .
cornelian cherry fruits has been used in chinese herbal medicine and known for its tonic, analgesic and diuretic activities (11) . Fruits from several Cornus spp. have been used for improvement of liver and kidney functions (21) . it has also been reported to have anti-bacterial, anti-histamine, antiallergic, anti-microbial and anti-malarial activities (12) . in europe, Cornus mas or cornelian cherry fruits were reported to have food and cosmetic applications (13, 16) . in turkey, the cornelian cherry fruits are eaten fresh, dried whole, pickled like olives, or processed for preserves, syrups and wines (6, 9, 10) .
Anatolia has a long history of cornelian cherry cultivation and has a rich gene pool of cornelian cherry genotypes adapted to various local and regional conditions (2, 8) . Despite its wide usage in this country, there are no established standard cultivars of cornelian cherry (2) . in turkey, particularly north West Anatolia Region including Yalova, Karabuk, Bartin, Bolu and Zonguldak are present important natural cornelian cherry populations. other parts of turkey for example like eastern Anatolia including Malatya have also significant natural cornelian cherry populations propagated by seeds. in these regions, these are the smallest groups of trees (5-10) which are in reproductive state and still "communicate" between themselves (pollinate each other). they are to be found in the forest margins. there are also numerous single or isolated cornelian cherry trees whose "communication" is disturbed by mechanical obstructions (buildings, forest) or by too long distances. Such trees grow on farm yards, or can often be seen growing on the grasslands and nearby paths as solitary trees.
Previous studies in turkey pointed to great phenotypic biodiversity among the cornelian cherry trees within populations (3, 4, 9) . they are well adapted to the climatic and soil conditions, but they differ in numerous morphological traits, productivity, and fruit quality.
the objective of this study was to determine the biodiversity on fruits' characteristics of cornelian cherry (Cornus mas l.) germplasm established at Malatya, turkey.
Materials and Methods

Plant materials
A total of 41 cornelian cherry (Cornus mas l.) genotypes were used in this study. these genotypes were previously selected from northwest and east Anatolia regions in turkey according As a tool for germplasm biodiversity description, we have used principal component analysis to study correlations among variables and establish relationship among genotypes. this method is commonly applied for characterization of biodiversity of genetic resources in such studies (1, 7, 14) .
BIODIVERSITY, EX-SITU CONSERVATION AND CHARACTERIZATION OF CORNELIAN CHERRY (CORNUS MAS L.) GENOTYPES IN TURKEY
Parameters studied the twelve variables measured in this study were:
: mean weight of 50 fruits in grams.
Fruit length (Fl)
: mean length of 50 fruits in mm.
Fruit width (FWD)
: mean width of 50 fruits in mm.
Seed weight (SW)
: mean weight of 50 seeds in grams. 5. Flesh/seed ratio (FSR) : mean fruit weight-mean seed weight/mean seed weight. 6. Fruit skin colour (FSc) : Skin color of fruits was measured by using a cR-400 chromometer (Konica Minolta, Japan) and the color of the fruit skin was determined for the L (lightness), a (green chromaticity) and b (yellow chromaticity) values.
Fruit flesh colour (FFC)
: Flesh color of fruits were measured by using a cR-400 chromometer (Konica Minolta, Japan) and the color of the fruit skin were determined for the L (lightness), a(green chromaticity) and b (yellow chromaticity) values. 8. Soluble solid contents (SSc) : SSc were determined by extracting and mixing one drop of juice from each fruit into a digital refractometer (Kyoto electronics Manufacturing co. ltd., Japan, Model RA-250he) at 22 0 c. 9. ph : measurements were made using a digital ph meter (WtW inolab level 1, Germany) calibrated with ph 4 and 7 buffers.
Vitamin c (AsA)
: Ascorbic acid was quantified with the reflectometer set of Merck Co (Merck RQflex) Results were expressed as mg ascorbic acid (AsA) mg/100 ml. 11. total Acidity (tA)
: total acidity as citric acid was determined by an automatic titration system.
Reducing sugar (RS)
: Reducing sugar was determined with the reflectometer set of Merck Co (Merck RQflex).
Statistical analysis
Data were analyzed using SAS procedures and software (15) . Means and standard deviations were obtained using PRoc TABULATE. Coefficients of variation (C.V.) were calculated dividing relevant standard deviations by means and multiplying by 100. Principle component (Pc) analysis was conducted using PRoc PRincoMP.
Results and Discussion
Biodiversity on fruit characteristics
We determined the biodiversity on the several fruit characteristics of cornelian cherry genotypes found in the national germplasm collection in Malatya, turkey. the means of fruit size characteristics were presented in Table 1 .
considerable variations were recovered for most traits, except flesh/seed ratio, as they had C.V. ranged from 18% (fruit width) to fruit weight (g) 47%. The fruit/seed ratios were similar among the genotypes tested (C.V.=5%) as it ranged from 79% (44-16) to 93% (44-28 and 44-30). The average fruit width was 16.1 mm and several genotypes had >20.0 mm fruit width (e.g., 77-05). Fruit length means ranged from 14.8 mm (44-07) to 31.1 mm (77-05). Fruit and seed weights had similar trends where genotypes 77-04 and 77-05 had heavy fruit and seeds, and, 44-09 and 44-15 had lighter means. the difference in fruit weights and dimensions of germplasm under same geographical conditions may be a result of the genotypic effects. Higher fruit weight along with higher flesh ratio is the most important desirable fruit characteristics in cornelian cherry breeding programmes (9) . Previously fruit weight, length, width and flesh to seed ratio of selected cornelian cherry genotypes in turkey ranged from 1.0 to 6.5 g; 13 to 28 mm; 9 to 23 mm and from 2.0 to 7.5 (4, 8, 18, 19) .
The mean values of both skin and flesh colour measurements were presented in Table 2. All genotypes had varied level of red colour, however 44-03 and 44-17 genotypes had yellow skin colour. For these measurements considerable differences were observed among the genotypes tested as c.V. values ranged from 20 to 61%. In general, the skin and flesh colours had similar trends. For example, for skin colour 44-17 and 44-03 had the lightest L values while the darkest values were measured on 44-11 and 77-04 genotypes. Genotype 44-17 also had the darkest flesh colour while the lowest L means for flesh colour were recovered from 44-05 and 44-11. Means of a and b had interesting patterns for skin and flesh colours. For example, the yellow skin coloured genotypes 44-03 and 44-17 had the lowest skin and flesh colour for a; while it was among the genotypes with highest b flesh and skin colour. The a and b values for the skin colour in 44-18 was one of the highest scores among all genotypes. Fruit colour directly affects the appearance and the consumer acceptability of the fruits. the yellow fruit skin colour is not favourable by consumers; therefore the proportion of trees that give yellow coloured fruits are decreasing in turkey. ercisli et al. Characteristics reflecting chemical compositions of the cornelian cherry genotypes were presented in Table 3 . on average, the genotypes had 17% total soluble solids with the range of 11.3 (44-03) to 25.9% (44-27). We identified several genotypes with >20% total soluble solid contents (44-09, 44-23, 44-27 and 77-09). Similarly, there were five genotypes having more than 100 mg Vitamin c content per 100 ml fruit juice (44-06, 44-21, 44-23, 77-09 and 78-05). the range in reduced sugars was 2.3% (78-02) to 8.6% (44-27). In some studies conducted in different region of turkey, vitamin c, total soluble solids, acidity and ph values of cornelian cherry genotypes ranged from 34-122 mg/100 ml; 8-23%; 1.34-4.56% and 2.44-3.60, respectively (8, 9, 19) . the difference among studies could be due to effects of the environmental conditions where cornelian cherry plants are grown. however our study was conducted in common environmental conditions, therefore the difference among the genotypes results from the natural genotypic effect.
Principal component analysis to assess overall diversity patterns among the genotypes, the Pc analysis was conducted using 12 quantitative variables evaluated in the experiments. the results of the analysis revealed that the first three PC explained 61% of the total variation ( Table 4) . PC1 explained 28% of the variation observed and mainly composed from fruit size variables (fruit width, length and weight and seed weight). L and b means of skin and fruit colour measurements were important characters for Pc2 which explained 22% of total variation. Reduced sugar content was also important factor which has a converse relationships with these colour measurements. total soluble solid and reduced sugars contents were important characters for Pc3.
The view of the genotype on the first two PCs were presented in Fig. 2 and Fig. 3 . no apparent patterns were detected among the genotypes. Rather, the genotypes had continuous variation. however, it is possible to assign genotypes into main groups. For example, the genotypes at the lower right side of the graph had large fruits with high reduced sugars. 
